CLINICAL MEDICINE

UDC 616.379-008.64:616.36-003.826-002.17]-06:616.1 https://doi.org/10.26641/2307-0404.2021.2.234639
O.M. Bilovol*, HEPATIC FIBROSIS AS AN ADDITIONAL

L1 Kniazkova®, RISK FACTOR FOR THE DEVELOPMENT
f},"DZ:,;’Z’i’;’v”;’fy”“ , OF CARDIOVASCULAR DISORDERS

LP. Romanova" IN PATIENTS WITH TYPE 2 DIABETES

0.D. Kurilo ", MELLITUS WITH NON-ALCOHOLIC

V.M. Sinaiko°, FATTY LIVER DISEASE

N.O. Kravchun'

SI «V. Danilevsky Institute for Endocrine Pathology Problems

of the National Academy of Medical Sciences of Ukraine» '
Department of Clinical Endocrinology

Alchevskykh str., 10, Kharkiv, 61002, Ukraine

e-mail: viadimirovana59@gmail.com

Kharkiv National Medical University Ministry of Health of Ukraine
Department of Clinical Pharmacology and Internal Medicine *

L. Maloi ave., 2a, Kharkiv, 61039, Ukraine

Department of Psychiatry, Narcology and Medical Psychology ’
Academika Pavlova str.,46, Kharkiv, 61022, Ukraine

e-mail: vmsinaiko@ukr.net

eporcasna ycmanosea «Ilncmumym npobiem eHOOKPUHHOT namono2ii
im. B. A. Jlanuneecoxoeo HAMH Ykpainuy !

Biooin kniniunoi enookpurnonoeii

(3a6. — 0. meo. H., npo. O.0. XudwcHsx)

eyn. Anuescorux, 10, Xapxie, 61002, Yxpaina

Xapxiscokuil nayionanonuti meouunutl ynisepcumem MO3 Vkpainu
Kkagedpa kniniunoi papmaronozii ma enympiwnvoi meouyunu
(3a68. — 0. me0. H., npog. II. Kuazvkosa)

np. im. JL.T. Manoi, 2a, Xapxie, 61039, Yrpaina

Kagedpa neuxiampii, napronozii, Meduunoi ncuxonozii ma coyianvioi poomu
(3as6. — 0. meo. H., npogh. I''M. Koorcuna)

eyn. Axaoemika Ilasnosa, 46, 61022, Yxpauna

LHumyeanna: Meouuni nepcnexmueu. 2021. T. 26, Ne 2. C. 126-134
Cited: Medicni perspektivi. 2021;26(2):126-134

Key words: type 2 diabetes mellitus, non-alcoholic fatty liver disease, cardiovascular diseases

KuarouoBi ciioBa: yyxposuii diabem 2 muny, HeamiKo20abHA HCUPOBA X8OPOOA NEeUiHKU, cepyeso-CyOUHHI 3aX80DHOBAHHS
KuaroueBslie cji0Ba: caxapusiil Ouabem 2 muna, HeaaKo2oabHAs HCUPOBAst 60Ne3Hb NeYeHU, CepOedHO-COCYOUCTIbLEe
3abonesanus

Abstract. Hepatic fibrosis as an additional risk factor for the development of cardiovascular disorders in patients
with type 2 diabetes mellitus with non-alcoholic fatty liver disease. Bilovol O.M., Kniazkova L.I.,
Zemlianitsyna O.V., Dunaeva I.P., Romanova L.P., Kurilo O.D., Sinaiko V.M., Kravchun N.O. The aim of the
study was to determine the relationship between the degree of progression of liver fibrosis and the risk of
cardiovascular complications in patients with Type 2 diabetes mellitus (DM) with non-alcoholic fatty liver disease
(NAFLD). The study included 110 patients with Type 2 diabetes (62 men and 48 women), the average age of the
subjects was 52.07+1.11 years. All patients were divided into 2 groups: the main group included 72 patients with Type
2 diabetes with concomitant NAFLD (38 men and 34 women), the control group included 38 patients with Type 2
diabetes without clinical manifestations of NAFLD (24 men and 14 women). Patients of the main group were divided
into 3 subgroups, taking into account the predominant pathological processes in the clinical picture. The division into
subgroups was carried out in 2 stages: at the first stage, those with predominant manifestations of liver fibrosis (F2 or
more) were selected from the general population of patients with Type 2 diabetes with NAFLD according to the results
of liver elastography and the use of Bonacini and Metavir scales. The number of such patients was 29, which accounted
for 40.3% of the total number of patients in the main group. The remaining patients were divided into 2 subgroups: 11
patients (15.3%) had non-alcoholic liver steatosis, and 32 patients (44.4%) had signs of non-alcoholic steatohepatitis
(NASH). As a result of the study, it was found that the presence of liver fibrosis in patients with Type 2 diabetes with
NAFLD is significantly more often associated with cardiovascular complications, such as arterial hypertension,
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coronary heart disease, myocardial infarction, stroke, diabetic retinopathy and nephropathy. A significant decrease in
the ejection fraction (EF) was found in patients with Type 2 diabetes with concomitant NAFLD. At the same time, the
number of patients with EF disorders of varying degrees in the main group significantly exceeded that in the
comparison group (33.3% and 6.7%, respectively, p<0.001). The average values of left ventricular myocardial mass
are significantly lower in patients with NASH and fibrosis formation compared to patients with NAFLD at the stage of
fatty hepatosis. There was also a significant decrease in the size of the left and right atria in patients with NASH
compared to both patients with steatosis and patients with fibrotic liver changes. Patients with predominant fibrotic changes
in the liver are characterized by a relative decrease in myocardial mass, a decrease in final diastolic and systolic volumes and
EF, which may indicate the development of diastolic dysfunction in them. It is shown that it is necessary to take into account
in clinical practice not only the generally accepted stages of NAFLD, but also the predominant pathological process in the
liver in patients with Type 2 diabetes, namely steatosis, manifestations of inflammation and fibrotic disorders. It is proved that
fibrotic changes in the liver can develop at all stages of liver tissue damage.

Pedepar. ®iopo3 meviHku sIK JOAATKOBHI YHHHHK PH3UKY PO3BHTKY CepPIEBO-CYAMHHMX NMOPYIIEHb Y XBOPHX
HA HYKPOBHIi Aia0eT 2 THIIY 3 HEAJKOIroJILHOI KHPOBOI0 XBOpoOow nevyinku. Binosoa O. M., Kussekosa L. 1.,
3emasininuna O. B., ldynaesa L. I1., Pomanosa L. II., Kypujo O. [I., Cinaiico B. M., KpaBuyn H. O. Memorw
docniooicentss OYI0 BUBHAYEHHS 63AEMO36 S3KI6 MIdiC CmyNneHeMm npocpecy8amnHs Qibpo3y nedinku ma pusuKom
BUHUKHEHHSI CEPYEBO-CYOUHHUX YCKAAOHEHb V) X80pUX Ha yykposutl diabem (L[/]) 2 muny 3 HeanKoO20AbHOI HCUPOBOIO
xeopob6oio neuinku (HAXKXTI). V oocnioscenns 6yno eéxnioueno 110 xeopux na L[/] 2 muny (62 wonosixu ma 48 sucinox),
cepeodHitl gix obcmedcenux cmanosus 52,07+1,11 poky. Ycix nayienmie 6yno posnodineno na 2 epynu: 00 OCHOBHOT
epynu 6yno sxmouerno 72 xeopux na L[/l 2 muny iz cynymuwvoio HAXKXII (38 uonosixis i 34 sicinku); KOHMpPooHy epyny
cxnanu 38 xeopux i3 L{/] 2 muny 6e3 xniniunux nposesie HAXKBII (24 vonosiku i 14 scinok). Ilayicumie ocnosnoi epynu
0y10 po3noodineno na 3 nidzpynu, 36axcarouy Ha NePesaxtCcaroyi 6 KIHIYHIl KapmuHi namonociuni npoyecu. Po3nodin na
nioepynu 6yno 30iicneno 6 2 emanu: Ha nepwomy emani iz 3aeany xeopux wa L[J] 2 muny i3 HAJKXII 6yno 6idiopano
mux, y AKux nepesaxcaiu npossu gioposy neuinku (F2 ma 6invue) 32i0H0 3 pesyriomamamu eracmoepagii nevinku ma
suxopucmanms wxan Bonacini ma Metavir. Kinvxicms maxux nayicumie cmanosuna 29, wo cmanosuno 40,3% 6io
3a2anbHOI KiTbKOCMI X60pux 0cHosHoi epynu. Pewmy nayienmie 6yno posnodineno na 2 nioepynu: 6 11 xeopux (15,3%,)
nepesascany SAGUWA HeaIKo20abHo20 cmeamo3y neyinku, y 32 nayieumie (44,4%) — o3HaKu HeanKo201bHOZ0
cmeamozenamumy (HACT). Y pezynomami npoedenozo 0ocniodicenns 6Cmano61eHo, Wo HasaeHicmy Qibpo3y neuinku
vy x6opux Ha LlJ[ 2 muny i3 HAXKXII docmogipno uacmiuie noe’a3ana iz cepyego-cyOUHHUMU YCKIAOHEHHIMU, MAKUMU
AK apmepianvha 2inepmensis, iuemivna xeopoba cepys, ingapxm miokapoy, iHcyivm, Oiabemuyna pemuHonamis ma
negponamis. Buseneno oocmogipne smenuenns gpaxyii euxudy (@B) y xeopux na L[] 2 muny i3 cynymuvoro HAXKXTI.
Ilpu yvomy xinbkicms xeopux i3 nopyuieHuam DB pisHoco cmyneHsi 6 OCHOBHIU 2pyni 3HAYHO NepesUy8ald MmaxKuil
NoKasHuK y epyni nopisenauua (33,3% i 6,7% eionogiono, p<0,001). Cepeoni 3Hauenna macu Miokapoa 1i6020 WiyHOUKd
odocmosipno menui y xeopux i3 HACI" ma npu ¢popmyeanui ¢ioposy nopisuano iz nayicnmamu iz HAXKXII na cmaoii
HCUP0B8020 2enamosy. Takodxc 8UA6IEHO 00CMOBIPHE 3MEHUIeHHs PO3MIpI6 1i6020 MA Npaeo2o nepeocepost y X8opux i3
HACT nopisusno sk i3 nayichmamu 3i cmeamo3om, maxK i X6opumul, y SKUX Nepesax)caoms QioposHi 3MiHU NEYIHKU.
s nayienmis i3 nepesaxcaiouumu Qibpo3HUMU 3MIHAMU 6 NEYIHYL XAPAKMEPHO GIOHOCHE 3HUNCEHHS MACU MIOKApod,
BMEHULeHHS KIHYe8020 OiaCmONINHO20 MA CUCMONIYH020 00 emie i DB, wo mooce ceiouumu npo po3eUmMoK y HUX
diacmoniunoi oucynxyii. Ilokazano nHeobXiOHicMb YpaxysanHs 6 KIIHIYHIN Npakmuyi He Jue 3a2aNbHONPULHAMUX
cmaditi HAXKXITI, ane 11 nepesasicaiouo2o namono2iunozo npoyecy 6 neuinyi y xeopux na L/] 2 muny, a came cmeamo3sy,
nposigie 3ananenHs ma Qibpo3Hux nopywens. JJoeeoeno, ujo GioposHi 3MIHU 68 NeYIHYI MOJICYMb PO3BUBAMUCH HA BCIX
emanax ypasdcenHs NeYiHKo80i MKAHUHU.

Diabetes mellitus (DM) is recognized by WHO  number of such patients in the world reaches about

experts as noninfectious epidemic and is a serious
medical and social problem.

In 2019, 9.3% of the adult population aged 20 to
79 years (463 million) worldwide had diabetes. It is
expected that by 2045 the number of patients will
increase to 700 million people [14]. The prevalence
of DM in Ukraine is 9.1% (men — 8.3%, women —
9.7%). Among the risk factors for diabetes are
overweight — 57.3% (men — 58.2%, women — 56.6%),
obesity — 21.7% (men — 17.9%, women — 24.9%),
sedentary lifestyle — 14.4% (men — 12.2%, women —
16.2%) [15].

In the structure of diabetes, the largest proportion
is type 2 diabetes mellitus (T2DM) (90%); the
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417 million people and annually increases by 5-7%
[14]. Cardiovascular diseases have been diagnosed
in 32.2% of patients with T2DM. They are the cause
of death in about 60% of such patients. The risk of
developing coronary heart disease (CHD) in patients
with T2DM is 2-4 times higher, and the risk of acute
myocardial infarction (MI) is 6-10 times higher than
in the general population of patients [17].

Another common complication of T2DM is the
formation of non-alcoholic fatty liver disease
(NAFLD). The disease is characterized not only by
the affection of the liver itself with impairment of
function, it triggers an entire cascade of pathological
changes, among which fibrosis takes an important
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place. In our opinion, it is important to consider
fibrosis in NAFLD as a systemic lesion of various
organs and tissues, not just the liver. From this point
of view, fibrosis should be regarded as one of the
main components in the progression of most
cardiovascular diseases, including CHD.

The development of fibrotic changes in the
myocardium leads to a decrease in its elastic pro-
perties and diastolic dysfunction, deterioration of
myocardial contractility and the formation of
systolic dysfunction, impaired heart rhythm and
impaired blood flow in coronary arteries.

It is important not only to interpret fibrosis as a
typical pathological process, but also to evaluate it
as a systemic lesion of various organs and tissues.
Of particular interest is the identification of bio-
markers of myocardial fibrosis, available for
determination in circulation.

Understanding fibrosis as an important factor in
the development of various organs dysfunction,
ensuring the systemic nature of most diseases, leads
to its evaluation as a promising therapeutic target.
Further investigation of myocardial fibrosis should
be aimed at improving the efficiency of diagnosis
and prognosis of its course, as well as carrying out
pathogenetically justified therapy.

The aim of the study: to determine the relation-
ship between the degree of liver fibrosis progression
and the risk of cardiovascular complications in
patients with T2DM with NAFLD.

MATERIALS AND METHODS OF RESEARCH

110 patients with T2DM were examined. Among
them there were 62 men and 48 women. The average
age was 52.07+1.11 years. All patients were divided
into 2 groups: the main group included 72 patients
with type 2 DM with concomitant NAFLD, among
them — 38 men and 34 women; the control group
included 38 patients with T2DM without clinical
manifestations of NAFLD (24 men and 14 women).

All patients with T2DM were diagnosed
according to WHO criteria (1999, 2006 revision).
The diagnosis of NAFLD was established on the
basis of anamnesis, clinical, biochemical and ultra-
sound (US) examinations (EASL-EASD-EASO Cli-
nical Practice Guidelines, 2016).

The patients of the main group were divided into
3 subgroups due to the prevalent pathological
processes in the clinical picture. At first we selected
patients with T2DM and NAFLD, who had
predominant manifestations of liver fibrosis (F2 and
more) according to the results of liver elastography
and Bonacini and Metavir scales [9, 10]. The num-
ber of such patients was 29 accounting for 40.3% of
the total number of patients in the main group. The
rest of the patients were divided into 2 subgroups: 11
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patients (15.3%) had non-alcoholic liver steatosis
and other 32 patients (44.4%) had signs of non-
alcoholic steatohepatitis (NASH) [16].

All patients were subjected to blood pressure
measurements, basic clinical and biochemical
studies, electrocardiographic examination (ECQ)
and echocardiographic examination (echocardio-
graphy) performed on Hitachi apparatus [4, 5]. In
echocardiography we evaluated following para-
meters: left ventricle (LV) end-diastolic diameter
(EDD), LV end-systolic diameter (ESD), thickness
of the LV posterior wall (PW), thickness of the
interventricular septum (IS), size of the left atrium
(LA), right atrium (RA), aortic diameter, myocardial
mass. The end-diastolic volume (EDV), end-systolic
volume (ESV), ejection fraction (EF) were also
calculated. We also collected anamnesis data on
cardiovascular complications such as arterial hyper-
tension (AH), CHD, non-fatal MI, non-fatal stroke,
nephropathy, retinopathy [8].

The results were processed using Microsoft
Windows7 Home PromOA, Dell xPCG3, Product
Key V6CTX-V486D-RQFQR-P9472-TG943, X16-
96072. The statistical analysis of the study results
was performed using Statistical 13.0 (Stat Soft Inc.,
USA), serial number ZZ.S5999000009306307DEMO-
5. The adequacy of the parameters to normal
distribution was tested using the Shapiro-Wilk and
Kolmogorov-Smirnov tests. Descriptive statistics
parameters for continuous variables were presented
as the arithmetic mean and standard deviation.
Results which did not follow normal distribution
were expressed as median and interquartile range.
The probabilities of differences were evaluated
using Student's t-criterion for independent samples
in normal distribution or the Mann-Whitney U-test
for independent samples in a distribution different
from normal. The relationship between two variables
was measured by using Spearman correlation
coefficient. A P wvalue <0.05 was considered
statistically significant [3].

RESULTS AND DISCUSSION

Prevalence of vascular complications of DM is
presented in the Table 1.

Presented data show that the incidence of
cardiovascular complications, namely AH, CHD,
non-fatal MI, non-fatal stroke, nephropathy, retino-
pathy was significantly higher in patients with
predominance of liver fibrosis. The prevalence of
hypertension and retinopathy was also significantly
higher in patients with NASH as compared with the
control group. The results show the important role of
inflammatory and fibrotic changes in patients with
T2DM with NAFLD as a risk factor for cardio-
vascular complications.

Licensed under CC BY 4.0
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Table 1

Prevalence of vascular complications in DM patients with NAFLD and without it

T2DM with NAFLD
Disease Control
group

steatosis . .

(NAFL) NASH hepatic fibrosis
Arterial hypertension 40% 44.4% 69.4%, p.<0.01 70.2%, p.<0.001
CHD 20% 37% 36.45 53.2%, p<0.001
Non-fatal MI 0 3.7% 1.75 14.9%, p.<0.001
Non-fatal stroke 0 0 0 3.2%, p.<0.001
Nephropathy 10% 25.95 18.25 26.6%, p.<0.001
Retinopathy 20% 40.75 50.4%. p.<0.01 67%, p.<0.001

Note. p. — reliability compared with control group

Structural reconstruction of the LV myocardium,
which occurs in a number of pathological con-
ditions, first of all is manifested in the form of its
hypertrophy, so the control of the myocardium
condition and the evaluation of possible causes of
increase in the thickness of its wall is important in
terms of timely treatment and prevention of car-
diovascular complications in patients with T2DM
and NAFLD (Table 2).

As can be seen from the above data, T2DM is a
factor that influences myocardial weight gain. The
average myocardial mass of LV significantly exceeds
the normative values in patients (up to 224 g in men
and up to 162 g in women). Myocardial mass of LV in
patients with T2DM with concomitant NAFLD is
significantly higher than in patients without NAFLD,
especially in women. Thus, we can speak of a greater
tendency to development of hypertrophy of the LV in
patients with T2DM with concomitant NAFLD.

Thickness of LVPW in patients with T2DM and
NAFLD did not differ significantly from this
indicator in the control group, only in women with
NAFLD the LVPW (1.2940.02 mm) significantly
exceeded the one in the control group (1.20+0.06 mm,
p<0.05).

Thickness of LVIS in patients with T2DM and
NAFLD (1.36+0.03 mm) was significantly greater
than it in the control group (1.26+£0.03 mm,
p<0.05), especially in women (1.36+0.04 mm and
1.1940.06 mm, p<0.05).

No significant difference was found between
mean aortic diameter in patients of both groups. This
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indicator also did not differ significantly between
men and women.

It is known that the risk of cardiovascular events
is quite closely related to the size of the LA, so its
determination in patients with T2DM was aimed at
both understanding the extent of LA and assessing
the risk of these events. The results obtained showed
that the average size of LA in patients with T2DM
with concomitant NAFLD significantly exceeded
this indicator in the control group (40.00£0.53 mm
and 39.00+0.48 mm, respectively, p<0.05), especially
in women (39.44+0.42 mm and 38.00+0.82 mm,
p<0.05). Other data were obtained regarding the size
of the RA. The mean values of this index were
higher in the control group (38.26+0.37 mm and
39.59+£0.52 mm, respectively, p<0.05), which was
more typical for men (37.83£0.56 mm and
40.60+0.67 mm, p<0.05).

The functional state of the heart was evaluated
by the indicators of EDV, ESV and EF. It was
found that EDV in patients with T2DM and
NAFLD significantly exceeded it in the control
group (125.48£530ml and 109.56+5.88 ml,
p<0.05), both in men (131.85+8.02 ml and
118.82+£7.76 ml, p<0.05) and in women
(117.20£6.56 ml and 95.00+8.06 ml, p<0.01).
ESV was also higher in patients of the main group
(52.43+£3.08 ml and 41.56+4.45 ml, respectively,
p<0.05), with this difference being most pro-
nounced in women (48.60+3.45ml and
29.14+2.87 ml, respectively, p<0.01).
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Table 2
EchoEG results of patients with T2DM and NAFLD (M+m)
Index Gender T2DM with NAFLD,n=72 | T2PM Wi:l}:’;g NAFLD, p
Myocardial mass of LV, g Total 319.79+13.53 271.61+11.94 <0.01
Males 321.83+£21.49 287.00+16.54

Females 317.34+14.91 247.43+15.30 <0.01
LVPW, mm Total 1.31+0.02 1.26+0.03
Males 1.33+0.03 1.30+0.03

Females 1.29+0.02 1.20+0.06 <0.05

Thickness of IS, mm Total 1.36+0.03 1.26+0.03 <0.05
Males 1.35+0.04 1.30+0.03

Females 1.36+0.04 1.19+0.06 <0.05
Aortic diameter, mm Total 33.73+0.35 33.73+0.43
Males 34.33+0.32 33.89+0.55
Females 33.00+0.69 33.50+0.73

LA, mm Total 40.00+0.53 39.00+0.48 <0.05
Males 40.38+0.84 39.64+0.57

Females 39.44+0.42 38.00:£0.82 <0.05

RA, mm Total 38.26+0.37 39.59+0.52 <0.05

Males 37.83+0.56 40.60+0.67 <0.05
Females 39.00+0.38 38.14+0.71

EDV, ml Total 125.48+5.30 109.56+5.88 <0.05

Males 131.85+8.02 118.82+7.76 <0.05

Females 117.20+6.56 95.00+8.06 <0.01

ESV, ml Total 52.43+3.08 41.56+4.45 <0.05
Males 55.38+4.68 49.45+6.57

Females 48.60+3.45 29.14+2.87 <0.01

EF, % Total 57.76+1.27 63.07+0.96 <0.01

Males 57.91+1.42 63.33+1.31 <0.05

Females 57.60+2.01 62.67+1.54 <0.05

Proportion of patients with reduced EF, % Total 33.3 6.7 <0.001

There was also a significant decrease in EF in  women (57.60+2.01% and 62.67+1.54, respectively,
patients with T2DM with concomitant NAFLD p<0.05). At the same time, the number of patients
(57.76x1.27% and 63.07+0.96%, p<0.01), both in with decreased EF in the main group significantly
men (57.91+1.42% and 63.33%£1.31%, p<0.05) and
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exceeded this indicator in the control group (33.3%
and 6.7%, respectively, p<0.001)

To assess the role of liver fibrotic changes in
the formation of cardiac dysfunction, the analysis
of heart structure and function in patients with
T2DM and different stages of NAFLD was
done (Table 3).

As can be seen from the presented data, the
mean values of LV myocardial mass are sig-
nificantly lower in patients with NASH and in the
formation of fibrosis as compared with patients
with NAFLD at the stage of fatty hepatosis. There
was also a significant reduction in the size of the
LA and RA in patients with NASH compared with
patients with steatosis and patients with
predominant liver fibrosis.

The progressive reduction of EDV in patients
with NAFLD at the stage of NASH compared with
the stage of steatosis continues in the stage of liver
fibrosis. The natural result of such morphological
changes in the myocardium is the deterioration of
the functional properties of the heart, namely the
reduction of the EF in patients with NAFLD at the
stage of NASH and at the stage of fibrotic changes.
The same data are confirmed by the analysis of the
number of patients with reduced EF in the groups of
T2DM with NAFLD and in the control group. It was
found that the percentage of patients suffering from
type 2 diabetes with concomitant NAFLD was
significantly higher (33.3+8.7%) compared with the
group of patients with T2DM without NAFLD
(6.7£4.06%, p<0.01).

Table 3
Indicators of heart structure and function in patients with T2DM
with different stages of NAFLD (M+m)
Index Steatosis (s), n=11 NASH (sh), n=32 Fibrosis (f), n=29 p
Myocardial mass of LV, g 404.00+17.10 274.83+£12.04 250.00+13.05 Ps-sx<0.001
Psr<0.001
LVPW, mm 1.40+0.05 1.29+0.05 1.30+0.05
Thickness of IS, mm 1.45+0.05 1.26+0.03 1.30+0.05 Ps-n<0.01
Pur<0.05
Aortic diameter, mm 36.0+0.57 32.80+1.04 32.50+0.25 Ps-n<0.01
Pur<0.01
LA, mm 40.0+0.51 38.0+0.74 42.50+0.75 Ps-sn<0.05
Pen-r<0.001
RA, mm 40.0+0.53 37.40+0.79 39.0+0.65 Ps-0<0.01
EDV, ml 189.00+5.60 124.67+7.75 106.00+3.00 Ps-:<0.001
Per<0.001
psh.f<0.05
ESV, ml 58.00+5.02 54.67+£3.13 48.50+4.25
EF, % 66.0+2.50 57.40+3.31 54.00+2.50 Ps-sn<0.05 ps.s
<0.01

% patients with decreased EF

40%

T2DM, NAFLD and cardiovascular disease have
common pathogenetic mechanisms, so all patients
with T2DM should be screened for both liver
pathology and cardiovascular disease risk asses-
sment. The liver plays a significant role in the
development of abdominal obesity and insulin
resistance, atherogenic dyslipidemia. Obesity leads
to inflammation of adipose tissue, characterized by
cellular infiltration, fibrosis, changes in microcir-
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culation, impaired adipokine secretion and metabolism
in adipose tissue, as well as accumulation in the blood
of nonspecific markers of inflammation [1, 13].
Obesity is considered as an independent risk
factor for the development of cardiovascular disease
and one of the main links, and possibly the trigger
mechanism of other risk factors, in particular AH,
and their coexistence has a greater impact on the
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structure and function of the LV than each of them
separately [6, 7, 11, 12, 18].

On the other hand, liver fibrosis is an important
risk factor for the formation of cardiovascular
disorders, which is a manifestation of a generalized
process in the body and affects all systems including
the cardiovascular system. Our results indicate the
need to consider not only the common stages of
NAFLD, but also the predominant pathological pro-
cess in the liver in patients with T2DM, namely
steatosis, inflammation manifestations (NASH) and
fibrotic disorders. It should be noted that it is fibrotic
changes in the liver that can develop at all stages of
liver tissue damage.

The development of liver fibrosis in patients with
T2DM with NAFLD is significantly more often
associated with cardiovascular complications such as
AH, coronary heart disease, MI, stroke, diabetic
retinopathy and nephropathy.

The differences in left ventricular myocardial
mass revealed in patients with various mani-
festations of NAFLD, namely with the predomi-
nance of steatohepatitis, NASH, fibrosis, require
further study and consideration of left ventricular
mass index. Such approach was described in [2],
which showed that the severity of fibrotic changes in
the liver and myocardium depends on the progression
of NAFLD and the stage of fibrosis, and the presence
of CHD and NAFLD explain unidirectional fibrosis
processes in both the liver and myocardium.

As can be seen from the presented data, the mean
values of LV myocardial mass are significantly
lower in patients with NASH and formation of
fibrosis as compared with patients with NAFLD at
the stage of fatty hepatosis. There was also a
significant reduction in the size of the LA and RA in
patients with NASH compared with patients with
steatosis and patients with predominant liver
fibrosis. An increase in myocardial mass at the stage
of steatosis may indicate the development of hyper-
trophic processes in the myocardium. Patients with
predominant fibrotic changes in the liver are cha-

racterized by a relative decrease in myocardial mass,
decrease in EDV, ESV, and EF, which may indicate
the development of diastolic dysfunction in them.

CONCLUSIONS

1. The presence of liver fibrosis in patients with
T2DM with NAFLD is significantly more com-
monly associated with cardiovascular complications
such as AH, CHD, MI, stroke, diabetic retinopathy
and nephropathy.

2. It was revealed the tendency to increase the
mass of myocardium in patients with T2DM and
NAFLD due to the formation of left ventricular and
left atrial hypertrophy.

3. Significant reduction of EF in patients with
T2DM with concomitant NAFLD was found. At the
same time, the number of patients with disorders of
EF of varying degrees in the main group signi-
ficantly exceeded this indicator in the control group
(33.3% and 6.7%, respectively, p <0.001).

4. The mean myocardial mass of LV was signi-
ficantly lower in patients with NASH and fibrosis
compared with patients with NAFLD at the stage of
fatty hepatosis. There was also a significant reduc-
tion in the size of the LA and RA in patients with
NASH as compared with patients with steatosis and
patients with predominant liver fibrosis. Patients with
predominant fibrotic changes in the liver were cha-
racterized by a relative decrease in myocardial mass, a
decrease in EDV, ESV, and EF, which may indicate
the development of diastolic dysfunction in them.

5. The need to consider in clinical practice not
only the common stages of NAFLD, but also the
predominant pathological process in the liver in
patients with T2DM, namely steatosis, manifes-
tations of inflammation (NASH) and fibrotic disor-
ders is shown. It has been proved that fibrotic
changes in the liver can develop at all stages of liver
tissue damage.
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